. Effect of CTAB-mediated purification of PCR DNA on cloning efficiency. Solid box, total number; empty box, white colonies; hatched box, % correct clones. Treatment protocols are indicated on the x-axis.
PCR is extensively used in cloning, sequencing or probe labeling, and it is often necessary to purify the amplified DNA fragments from a PCR cocktail. For example, TaqDNA polymerase must be completely eliminated or inactivated before restriction endonuclease digestion of the products to prevent unwanted synthesis of 3 ′ -recessive termini by the residual polymerase. Failure to remove Taq DNA polymerase can result in poor ligation, severely lowering the cloning efficiency (1) , and can also generate frameshift mutations.
Phenol/chloroform extraction and spin cartridges are commonly used, efficient cleanup protocols. However, phenol/chloroform extraction is tedious because it involves three or four steps of sample transfer, and care must be taken to avoid transferring any precipitate from the interface between the aqueous phase and the organic phase. This multistep procedure causes the loss of PCR products and is time consuming when a large number of PCR products are to be processed. Additionally, phenol is a corrosive organic solvent, and the resulting organic waste must be separated from regular laboratory waste.
Alternatively, purification can be carried out using commercially available spin cartridges (Qiagen, Valencia, CA, USA), but these are costly and thus a drawback when dealing with a large number of samples. In this report, we present a quick, inexpensive and efficient protocol to purify PCR DNA using hexadecyltrimethylammonium bromide (CTAB).
PCR cocktail (100 µ L) in a 0.5-mL Eppendorf ® tube is composed of 20 mM Tris-HCl, pH 8.4, 50 mM KCl, 2 mM MgCl 2 , 200 µ M dNTPs, 2.5 U Taq :0.15 U Pfu(16:1), 2% formamide, 1 µ M each of the primers and 100 ng E. coli genomic DNA. The reaction cocktail was overlaid with mineral oil, and amplification was carried out using a modified touchdown program (3) . To remove mineral oil after amplification, reaction cocktails were frozen for 10 min or more at -70ºC. The mineral oil remained liquid and was removed by vacuum with a pipet tip after inverting the tubes.
The following procedures were carried out at room temperature. Twentyfive microliters of 5% CTAB in 0.5 M NaCl (5) were added to each reaction, equilibrated at room temperature and mixed. Following a 3-min incubation, the CTAB-DNA complex was pelleted by centrifugation at 1 4 926 ×gfor 3 min, and the pellet was washed once with 200 µ L 1 ×TE by quick spin. The pellet was dissolved in 100 µ L 1.2 M NaCl (5), followed by addition of 200 µ L 95% cold ethanol to precipitate the DNA. The DNA pellet was obtained by centrifugation, washed once with 70% and 95% ethanol, respectively, and dried. The final DNA pellet was dissolved in 40 µ L sterilized water.
For comparison, 100 µ L of the reaction were treated with the routine phenol/chloroform extraction procedure (8) , and the DNA pellet was dissolved in sterilized water, as above.
The example reported here is the cloning of the E. coli mttCgene and its flanking sequence (1.4 kb) (14) . The 5 ′ primer used for PCR was engineered with an Eco RI site. There is an internal Hin dIII site 59 bp from the end of the 3
Eco RI and 5 µ L React ® 2 (Life Technologies, Rockville, MD, USA) was added. Digestion proceeded for 2 h at 37ºC, followed by the addition of 1 µ L (10 U) Eco RI and 2.5 µ L 1 M NaCl (to optimize the concentration of NaCl for Eco RI). The digestion proceeded for an additional hour to ensure complete digestion of the engineered Eco RI site. The resulting 1343-bp Eco RI/ Hin dIII fragment was separated on a 1% agarose TAE gel and extracted using the glass slurry method (13) . This fragment was ligated into a pTZ19R vector cut with Eco RI and Hin dIII. Ten microliters of ligation mixture contains 1 µ L T4 DNA ligase (Life Technologies), 2 µ L 5 ×ligation buffer (Life Technologies), 100 ng vector and 150 ng insert. Ligation was carried out at room temperature for 3 h. For transformation, 200 µ L competent TG1 cells were added to the above ligation mixture and incubated for 30 min on ice, followed by 1 min heat shock at 42ºC. The transformed cells were plated on LB containing 100 µ g/mL ampicillin, 0.1 mM IPTG and 0.1 mM X-Gal.
Eight 100-µ L reactions, as described above for mttC amplification, were pooled and purified with the CTAB procedure, and the final DNA product was dissolved in 120 µ L sterilized water. To test if any TaqDNA polymerase remained in the purified DNA, this product served as the source of Taq DNA polymerase for the following reaction. To differentiate the PCR product from mttC(1.4 kb), the mttA 1 A 2 genes (980 bp) (14) (14), were used as the template DNA. Other components were the same as above.
The original reaction (2.5 µ L) or 1 µ L DNA purified with CTAB or phenol/chloroform (corresponding to the amount of DNA in the original 2.5-µ L reaction) was loaded on a 1.2% agarose TBE gel. The intensity of the bands was estimated by inspection after staining the gel with ethidium bromide.
CTAB, a cationic detergent, has been widely used to isolate genomic DNA from various organisms for PCR (2,4,9,10,12) and to prepare DNA templates from phagemids, phages or plasmids for sequencing (5). Our procedure uses CTAB to purify amplified DNA fragments from PCR. The rationale is that CTAB in combination with a low concentration of NaCl (< 0.6 M) (5) can differentially precipitate DNA fragments from a reaction while leaving Taq DNA polymerase in the reaction solution. Therefore, the contamination of TaqDNA polymerase encountered in PCR cloning can be eliminated by CTAB treatment.
To demonstrate the effectiveness of CTAB treatment in PCR cloning, PCR products for the amplification of the E. coli mttCgene were purified with 1% CTAB, phenol/chloroform or left untreated. The DNA samples were then digested with Eco RI and Hin dIII and ligated into pTZ19R to allow blue/white colony screening. White colonies were selected for miniscreening with Eco RI and Hin dIII to confirm that the desired insert fragment had been cloned. Figure  1 shows that CTAB treatment was comparable in cloning to the phenol/chloroform extraction protocol. None of the clones resulting from the untreated PCR DNA samples was correct.
Removal of TaqDNA polymerase by CTAB treatment was tested in the following three experiments. ( i ) To examine the activity of residual Taq DNA polymerase in the purified PCR product, we used the CTAB-purified mttC PCR product as the source of polymerase for amplification of mttA 1 A 2 (14) . We used 4 µ g pMTT/322 DNA as the template to intentionally increase the substrate concentration for the polymerase. No amplified mttA 1 A 2 was observed ( Figure 2, lanes 1-3) . However, mttA 1 A 2 was intensively amplified in the positive control reaction using TaqDNA polymerase (Figure 2, lane  4) . This result clearly demonstrates that there was undetectable residual Taq DNA polymerase in the PCR product. ( ii ) We examined up to 30 µ L purified mttCPCR product by SDS-PAGE (6), and we observed no TaqDNA polymerase when the gel was stained for protein using the silver stain method (11) (data not shown). ( iii ) To quantitatively investigate the removal of protein from DNA by CTAB, 30 µ g Eco RI and 10 µ g pMTT/322 were added in React 1 (Life Technologies). The final volume of the mixture was adjusted to 100 µ L with water. The mixture was treated with the CTAB purification procedure, and the amount of Eco RI remaining in the final DNA solution was measured using the Lowry method (7) (data not shown). Approximately 0.5 µ gEco RI protein was retained. This result indicates that over 98% of the protein was removed by CTAB. The recovery of DNA following purification was estimated by agarose gel electrophoresis as described (Figure 3) . Comparison of the intensity of the band from the original cocktail to the sample purified with CTAB indicated that no apparent loss of DNA had occurred. We also investigated the minimal length of the DNA fragments required for the CTAB-mediated purification protocol. A low molecular weight DNA marker with fragments ranging from 34-780 bp was treated with CTAB or phenol/chloroform, or left untreated, and then electrophoresed on a 1.8% TBE gel. No loss of DNA fragments was observed (Figure 3) . This indicates that the CTABmediated purification protocol for PCR products can be applied to DNA fragments as short as 34 bp. This is also supported by the fact that PCR primers often remained in the purified PCR products with CTAB ( Figure 2, lane 6) .
Taken together, the CTAB-mediated purification protocol for PCR products is as efficient in cloning as the phenol/chloroform extraction protocol. The entire procedure from PCR setup through restriction digestion uses one Eppendorf tube, and the purification takes less than 20 min for an individual sample. Thus, this technique has the advantages of being simple, quick, inexpensive and providing high DNA recovery. When many PCR products are to be purified, this protocol saves a substantial amount of time, money and labor. The authors have made more than 30 plasmids from PCR DNA using this protocol. Zhu and Casey (personal communication) successfully cloned 49 PCR DNA fragments of the human anion exchanger 1 ( AE1 ) gene with various mutations into pRBG4 within two weeks using this protocol.
